Background: Carvacrol (2-methyl-5-(1-methylethyl)-phenol) is a predominant monoterpenic phenol which occurs in many essential oils of the family Labiatae including Origanum, Satureja, Thymbra, Thymus, and Corydothymus species. It is well known for its anti-inflammatory, antioxidant and antitumor activities. The present study investigates the influence of carvacrol on CYP2E1 and PPAR-α on D-Galactosamine (D-GalN)-induced hepatotoxic rats. Materials and Methods: The mRNA and protein expression levels of CYP2E1 and PPAR-α have been assayed by semi-quantitative reverse transcriptase-polymerase chain reaction (RT-PCR) and western blot analysis. Result: The result demonstrated that the mRNA and protein expressions of CYP2E1(p=0.012; p=0.015) significantly up-regulated while the mRNA and protein expressions of PPAR-α (p=0.026; p=0.03) significantly down-regulated on D-galactosamine induced hepatotoxic rats and treatment with carvacrol significantly suppressed the mRNA and protein (CYP2E1, p=0.010; p=0.011) p=0.033; p=0.037) expressions of these genes. Conclusion: Thus, the present results have shown that carvacrol has the hepatoprotective effect and also alleviates liver damage associated with GalN induced hepatotoxic rats by down-regulating the CYP2E1 and up-regulating the PPAR-α expression.
Introduction
Liver injury can be caused by different agents, such as chemicals and viruses etc. D-galactosamine is a well estabilished hepatoxicant, it induces liver injury closely resembling human viral hepatitis. Cytochrome (CYP) P450 enzymes are a superfamily of heme proteins responsible for the metabolic activation or inactivation of most clinically used drugs and many toxins. CYP isoforms can be found in most tissues, but the largest concentrations of P-450 are found in the liver. The expression of P-450 enzymes is regulated by a variety of factors such as genetic polymorphism, drugs, hormones, development, and diet (Morgan, 2001) . It is known that the mediators involved in inflammation and infection can cause changes in the activities and expression of the P-450 enzyme system. A large number of reports have shown that CYP isoforms and their activities are, for the most part, suppressed in animal models of endotoxemia as well as in cultured hepatocyte stimulated by endotoxin (Morgan, 2001; Shedlofsky et al., 1994) . A recent study showed that hepatic CYP2E1, the most predominant CYP isoform in the rat liver (Spatzenegger et al., 2000) , is down-regulated during D-GalN induced hepatotoxic rats (Crawford et al., 2004) .
Peroxisome proliferator-activated receptors (PPARs) are members of the nuclear hormone receptor superfamily of ligand-activated transcription factors that are related to retinoid, steroid and thyroid hormone receptors. The PPAR-y receptor subtype appears to play a pivotal role in the regulation of cellular proliferation and inflammation (Cuzzocrea et al., 2006) . Rosiglitazone, a PPAR-y receptor subtype ligand was demonstrated to exert antiinflammatory effects in the rat paw oedema model or in the carrageenan-induced pleurisy (Cuzzocrea et al., 2004) . It was also reported to reduce pulmonary inflammation response in a rat model of endotoxemia (Liu et al., 2005) , to reduce chronic colonic inflammation in rats (Sanches-Hidalgo et al., 2005), and to have beneficial effects in ischemia-perfusion injury, inflammation and shock (Abdelrahman et al., 2005; Villegas et al., 2004) . PPARs have also been claimed to have immunoregulatory roles [Wang et al., 2001 ]. Moreover, a recent study indicated that the endogenous ligand for PPAR-α, 15-deoxy-Δ12, 14-prostaglandin J2 (15d-PGJ2), contributed to the observed protection of the liver in hemorrhagic shock in rat model via activation of PPAR-α (Abdelrahman et al., 2004) .
Different pharmacological compounds have been tested to reduce the acute or chronic inflammation when the liver gets injury. Compound those which increase the levels of PPAR-α and, reduces the inflammation are the good hepatoprotective agent which has been already reported (Ariyoshi, 2001; Ekins, 1999; Stiborova, 2002) In this study, we aimed to evaluate whether this compound is having anti-inflammatory effect mediating through PPAR-α and cytochrome P450. We found that carvacrol is a major suppressor of Cyt p450 and an activator of PPARα associated with hepatoprotective activity.
Materials and Methods

Chemicals
D-galactosamine, carvacrol, primary and secondary antibodies for TNF-α, IL-6, iNOS, COX-2 and NF-ҝB were purchased from SigmaAldrich Co. (St. Louis, Missouri, USA). All other chemicals used were of analytical grade obtained from E. Merck or HIMEDIA, Mumbai, India.
Animals
Male albino Wistar rats (weighing 160-180 g) were procured from the Central Animal House, Department of Experimental Medicine, Rajah Muthiah Medical College and Hospital, Annamalai University and maintained in an air-conditioned room (25 ± 1 ˚C) with a 12 h light/12 h dark cycle. Feed and water were provided ad libitum to all the animals. The study was approved by the Institutional Animal Ethics Committee of Rajah Muthiah Medical College and Hospital (Reg no.160/1999/CPCSEA, Proposal number: 427), Annamalai University, Annamalainagar.
Experimental induction of hepatotoxicity
Hepatotoxicity was induced in animals by an intraperitoneal injection of D-galactosamine (400 mg/kg body weight) in a freshly prepared physiological saline as a single dose on the first day.
Experimental design
The animals were divided into five groups of six animals each as given below. Carvacrol and silymarin (Sigma Aldrich, USA) were administered orally once in a day in the morning for 6 days. The compound was suspended in a 0.5% DMSO vehicle solution and fed by intubations.
Group I: Normal rats received 0.5% DMSO. Group II: Normal + carvacrol (20 mg/kg BW). Group III: D-GalN control (400 mg/kg BW) in saline. Group IV: D-GalN + carvacrol (20 mg/kg BW). Group V: D-GalN + silymarin (25 mg/kg BW). On 8th day morning the animals were anesthetized by an intramuscular injection of ketamine (25 mg/kg BW) and sacrificed by cervical dislocation. Liver was removed, cleared off blood and immediately transferred to ice-cold containers containing saline and used for the determination of various inflammatory markers.
Reverse transcription polymerase chain reaction (RT-PCR)
For total RNA, the liver tissue samples were minced and homogenized (100 mg/ml) in RNA isolation buffer. The RNA was precipitated at 12,000 rpm for 15 min and washed with 80% ethanol. The pellet was dried briefly in vacuum and dissolved in minimal volume of sterile diethylpyrocarbonate DEPC treated water. The amount of RNA was quantified spectrophotometrically. The RNA was quantified by UV-absorbance spectrophotometry. Total RNA (2 µg) was reverse transcribed and 4 µl cDNA obtained was used for polymerase chain reaction (PCR) amplification to estimate the expression of CYP2E1 and PPAR-α. GAPDH was used as an internal standard. Primer sequences and the resultant PCR products (Gene expressed) are listed in table 1. After amplification, the PCR samples were electrophoresed in 1.2% agarose gel stained with ethidium-bromide. The bands were compared densitometrically. Densitometry was done using 'Image J' analysis software. 
Gene
Primer Sequence
Western blot analysis
Cells were collected by centrifugation and washed once with phosphate buffered saline (PBS). The washed cell pellets were resuspended in lysis buffer (50 mM HEPES, pH 7.0, 250 mM NaCl, 5 mM EDTA, 0.1% NP-40, 1 mM PMSF, 0.5 mM DTT, 5 mM sodium fluoride (NaF), 0.5 mM sodium orthovanadate containing 5µg/ml each of leupeptin and aprotinin and incubated for 30min at 4 C. Cell debris was removed by centrifugation followed by quick freezing of the supernatants. The protein concentration was determined by Bradford reagent. 60µg of protein from treated and untreated extracts were electro blotted on to a nitrocellulose (Biotrace NT; Pall Gelman) membrane after separation on 10% SDS-polyacrylamide gel electrophoresis. The blot was incubated for 1 h with blocking solution (5% skim milk) at room temperature after incubation for 4 h with a 1:1000 dilution of monoclonal anti-CYP2E1, PPAR-α and β-actin antibodies (Santa Cruz Biotechnology Inc.). Blots were washed two times with tween 20/Tris buffered saline (TTBS) and incubated with a 1:2000 dilution of alkaline phosphatase conjugated goat antimouse IgG secondary antibody for 2 h at room temperature. Blots were again washed 3 times with TTBS and then developed by 3, 3'-diaminobenzidine tetrahydrochloride. Densitometry was done using 'Image J' analysis software.
Statistical analysis
Statistical evaluation was performed using one-way ANOVA followed by Duncan's multiple range test (DMRT) using statistical package of social science (SPSS Inc., Chicago, IL, USA) 10.0 for Windows. Significance level was set at P < 0.05. 
Cytochrome P450
The data are expressed as ratio of PPAR-α /GAPDH and given as means ± S.D. for three experiments. * P  0.05 compared with control rats; ▲ P  0.05 compared with hepatotoxic control rats. Lanes: 1. Control; 2. Control + Carvacrol; 3. Hepatotoxic control; 4. Hepatotoxic + Carvacrol; 5. Hepatotoxic + Silymarin. GAPDH-glyceraldehyde 3-phosphate dehydrogenase (internal standard). a) Cytochrome P450 protein expression by western blot b) Intensities scanned by densitometer 
▲ ▲
Band intensities were expressed as ratio of PPAR-α/β-actin and given as means ± S.D of three experiments. * P  0.05 compared with control rats; ▲ P  0.05 compared with hepatotoxic control rats. Lane: 1. Control; 2. Control + Carvacrol; 3. Hepatotoxic control; 4. Hepatotoxic + Carvacrol; 5. Hepatotoxic + Silyma. Figures 3 and 4 show the effect of carvacrol on CYP2E1 and PPAR-α protein expression in D-galactosamine induced hepatotoxicity rats. We found that the protein expression of CYP2E1 (p=0.015) significantly up-regulated and PPAR-α (p=0.03) down-regulated in D-galactosamine induced hepatotoxic rats and treatment with carvacrol significantly (CYP2E1, p=0.011; PPAR-α, p=0.037) inhibited the protein expression of these genes.
Discussion
In our body, liver is the major organ responsible for the metabolism of drugs and toxic chemicals and thus it is the primary target organ for nearly all toxic chemicals. Various pharmacological or chemical substances (such as acetaminophen, galactosamine, chloroform, dimethylnitrosamine, etc.) are known to cause hepatic injuries (Weber, 2003) . Excessive exposure to these chemicals may cause acute liver injury characterized by abnormality of hepatic function, and degeneration, necrosis or apoptosis of hepatocytes, and so forth. In modern civilization drugs or chemicals induced liver injury has become a serious clinical problem.
It has been established that chemical-induced hepatotoxicity depends on its reductive dehalogenation, catalyzed by the cytochrome P450 enzymes, in the endoplasmic reticulum of hepatic cells, leading to the generation of an unstable complex trichloromethyl radical. The trichloromethyl radical may bind either at the heme group of cytochrome P450 or at the active site of the enzyme near the heme group, leading to the inactivation P450 pathways (Fernandez, 1982) . Among the different cytochrome P450 enzymes CYP2E1-mediated metabolism of galcatosamine may generated reactive free radicals and CYP2E1 protein might be more susceptible to chemical toxicity than other CYP isozymes. Such biotransformation enzymes as cytochrome P450 isozymes are essential for the detoxication of xenobiotics (Halliwel and Gutteridge, 1999) . A significant increase in hepatic CYP2E1 mRNA and protein expression was found in the GalN-intoxicated rats. In contrast, carvacrol supplementation suppressed this mRNA and protein expression on GalN induced rats and almost restored to the normal level of CYP2E1 mRNA and protein expression. Although it is not known how carvacrol affected the biosynthetic mechanism of CYP2E1, the restoration of CYP2E1 by carvacrol supplementation implies that carvacrol could have a remarkable hepatoprotective effect which led to rapid recovery from GalN induced liver injury.
PPARs belong to a super family of nuclear, ligand activated transcription factors, which play an important role in the transcriptional regulation of genes responsible for the control of lipid utilization and storage, and modulation of lipoprotein metabolism, adipocyte differentiation and insulin action (Torra et al., 2001 ). PPAR-α agonists have been used for over 40 years in the treatment of dyslipidemia, mainly due to their hypolipidemic actions, such as lowering TG and raising HDL levels. PPAR-α is expressed at high levels in tissues with high rates of FA oxidation, such as brown fat, liver and heart (Braissant and Wahli, 1998). PPAR-α-mediated responses have been traditionally studied in the liver. It has been reported that Wy14,643, a PPAR-α agonist, normalized fatty livers in fat-fed rats (Ye et al., 2003) and markedly improved ethanol-induced hepatic steatosis and TG accumulation in the liver of rats (Fischer et al., 2003) . In Otsuka Long-Evans Tokushima fatty rats, fenofibrate (a well-characterized PPAR-α agonist), markedly reduced hepatic TG content, accompanied by a decrease in plasma TG levels (Lee et al., 2004) . PPAR-activation mediates expression of genes regulating lipid oxidation (Kersten et al., 2000) . PPAR genes are involved in the energy balance and its action depends on the tissue; PPAR-gis expressed in several cells, including endothelial cells, vascular smooth muscle cells, monocytes, macrophages, fat tissue and hepatic cells (Caballero, 2005; Fasshauer and Paschke, 2003) . Other studies have shown that PPAR-α produces an anti-inflammatory effect in endometriotic stromal cells by reducing levels of TNF-α (Ohama et al., 2008 ) and this effect may be a consequence of repression of these transcription factors due to activation of the kappa B (NF-kB) nuclear factor, a receptor of the Rel/Nf-kB family that regulates genes of pro-inflammatory cytokines (Matilla et al., 2002) . In this study, we have focused on PPARs as possible molecular targets of carvacrol in preventing lifestyle-related diseases. It has been already reported that carvacrol acts as PPAR-α activators and COX-2 suppressors in U937 and BAEC cells treated 12-O-tetradecanoylphorbol-13-acetate (TPA) in vitro (Mariko Hotta et al., 2010) . In this study, we found that carvacrol suppressed the activate PPAR-α mRNA and protein expression in galactosamine induced toxicity rats. Fatty acids are considered to be intrinsic ligands for PPARs at higher concentrations compared with synthetic ligands. In this case, the presence of fatty acid-binding molecules, which include specific binding proteins and nonspecific interacting lipids, both inside and outside of the cells appears to modulate PPAR activation. A similar mechanism may be at work in the activation of PPARs by carvacrol and other chemical components in the essential oils.
Conclusion
In conclusion, we identified carvacrol, a chemical component of thyme oil, as a suppressor of CYP2E1 and an activator of PPAR-α. Thus, the present observations have shown that carvacrol has the heaptoprotective effect and also alleviates liver damage associated with GalN induced hepatotoxic rats by down regulating CYP2E1 and up-regulating c PPAR-α expression.
